We have found that a significant difference exists in transformation efficiency between the crp + /crpĩ sogenic pair of strains of Escherichia coli, with the efficiency being much higher in crp" than in crp + . The ratio of transformation efficiency between crp + and crp~ strains depends very little on the plasmid size.
For both basic and applied research in molecular biology, transformation with plasmid DNA is one of the most widely used techniques. Considerable research has been done with the purpose of enhancing the transformation efficiency. It has become known that transformation efficiency depends on the particular recipient strain, so that it is clear that genetic factors are involved. However, few specific genes have so far been identified that affect transformation efficiency. 1 We happened to notice that transformation efficiency in a strain of Escherichia coli K12 (gal thyA recA his rpsL) fluctuated erratically, and also that this strain was originally crp" which reverted rather frequently to crp + . 2 The crp gene encodes the cyclic AMP receptor protein (CRP), which regulates the transcription of many genes, mostly involved in catabolism, either positively or negatively. 3 Thus, we have found that the crp gene had a significant influence on transformation efficiency.
The difference in transformation efficiency between the isogenic pair of crp + and crp~ strains of E. coli is illustrated in Fig. 1 for experiments with electroporation 4 of a series of ColEl-related plasmids and ampicillin selection. Much higher transformation efficiency was observed for crp" than crp + . Hanahan conceptually divided the process of transformation into two phases: uptake and establishment. 1 Uptake would be affected by surface structures whereas establishment would depend on intracellular conditions such as nuclease activity. Because CRP regulates so many genes, it seems more likely that the observed effect Communicated by Satoshi Tabata * To whom correspondence should be addressed. Tel. +81-720-56-2121, Fax. +81-720-50-0733 of the crp genotypes on the transformation efficiency is not a direct one, but is mediated by one or more genes regulated by CRP.
The size-dependence of the transformation efficiency shown in Fig. 1 , not only per weight but also per molecule, may be explained either by the difficulty experienced by the larger plasmids at the uptake stage or by their greater sensitivity to an endonuclease or their greater requirement for time to complete one round of replication, etc. However, the fact that the ratio of the transformation efficiency depends very little on the plasmid size seems to exclude a crp-regulated endonuclease whose destructive effect would increase with the size of the target DNA. It seems more likely that the effect of crp depends upon a factor which is independent of DNA-size such as an exonuclease or a cell surface component.
In order to show that the effect of the crp genotypes was not limited to a particular type of DNA or of selective agents, we performed transformation with a plasmid of different origin (pACYC184 5 ) with tetracycline selection, and also performed transfection with M13 mpl8 phage DNA, both single-and double-stranded. The results are shown in Table 1 . The difference also did not depend upon the particular method of introducing DNA because the classical calcium chloride treatment 6 also showed a significant difference between crp + and crp~ ( Table 2 ).
The cyclic AMP-CRP system is known to regulate type 1 fimbriae. 7 In our case, the crp + cells have few fimbriae but the crp" cells are fully fimbriate. In Neisseriaceae, fully fimbriate cells have increased competence for natural DNA transformation. 8 Thus, while the crp effect could be mediated by type 1 fimbriae, it is also possible that the effect observed in Neisseriaceae was merely a (4 X 10 10 ceils/ml), prepared as described in Dower et al., 4 and electroporation was performed. The electroporated cell-DNA mixtures were shaken in 1 ml SOC medium for 30 min at 37°C. Then 0.1 ml each of the cultures was plated on agar containing 100 ^ig/ml of ampicillin. Colonies were counted after 20 hr at 37°C. Table 1 . Effect of the crp genotypes for various types of DNA on the efficiency a ' of transformation or transfection. pACYC184 was used as an example of plasmids of different origin from ColEl. It has a tetracycline-resistance gene. Transformation was done in the same way as in Fig. 1 . Next, 0.1 ml of each culture was plated on agar plates containing 10 /^g/ml of tetracycline. Colony counts were made after 20 hr at 37°C. Phage M13 DNA, both single-and double-stranded, were introduced into the cells in the same way, but no shaking for expression was made. After appropriate dilution, the cultures were plated with 100 ix\ of an indicator ( JM109 9 ) and 2.5 ml of 0.7% top agar (YT-broth 10 ), over the bottom agar. Plaques were counted after 20 hr at 37° C. reflexion of their crp status, and their fimbriae were not directly involved in the mechanism of transformation. 10 and pMM690(24490bp) n had an ampicillin-resistance gene. Transformation was done by the calcium chloride treatment 6 method. The cells were shaken for 30 min at 37°C in 5 ml of L-broth. After appropriate dilution, the cultures were plated on agar containing 100 fig ampicillin/ml. Colonies were counted after 20 hr at 37°C. 
